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SUMMARY 


The ‘selection of sufficiently large secondary or service 
conductors will eliminate flicker due to excessive voltage 
drop in these conductors when motor loads are switched into 
the circuit. The method outlined in this bulletin allows 
the determination of the minimum size of conductor when 
certain factors are known. 


he 


i reed 2% Tams 


fren es 


‘ 
fae size 


+ 
Sop Steet og fer, em foe Se) aah 
3 RM ae ee a ee ys OM at i 


DETERMINATION OF SIZE OF SERVICE OR 
SECONDARY CONDUCTOR TO PREVENT FLICKER 


The following considerations should be taken into account in 
using the attached charts: 


1. The values obtained from the charts are valid provided 
the primery regulation is sufficient to take care of 
the starting current. In cases where primary regu- 
lation is poor, the value of secondary supply voltage used 
should take into account primary voltage drop due to 
the starting current. 


2. Since in some cases this method would require the use 
of service conductors or transformers of larger sizes 
than is usual in REA usage, some judgment should be 
used in its application. It should be applied only 
where motor loads are coincident with lighting. 


3- When a current-limiting starting device is used, the 
value of starting current used in the calculations 
Should be the value as limited by the starting device. 
A table of average starting currents and starting power 
factors of various types of motors is attached to this 
bulletin. This contains average values of motors as 
listed by several manufacturers and is useful when more 
precise data is not available. 

USE OF THE CHARTS 


The following information must be on hand before the secondary 
Size can be determined from the attached charts: 


1. Number of sta.ts per hour, minute, or second, of the motor. 
2. Make and size of transformer to be used. 

3. The supply voltage (E) on the secondary or service. 

4, The starting current (I) of the motor. 

2+ Power factor of the motor at starting (cos 0). 
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- cLength of secondary or service circuit (L). 
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The general procedure is then as follows: 


1. Determine the allowable percent of voltage fluctuation 
from Chart I. 


2. Determine the percent R and percent X of the transformer 
from Chart II. 


3. Convert the allowable percent voltage fluctuation from 
the transformer rating basis to the actual load basis 
by use of Chart III, 


4, Determine the percent voltage drop in the transformer 
and the percent resistance drop in the secondary or 
service conductor from Chart IV. 


5. Obtain the required conductor size or resistance in 
ohms per 1000 feet from Chart V. 


Detailed steps are given in the following pages with each chart. 
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AVERAGE LINE STARTING CURRENTS AND STARTING POWER FACTORS OF MOTORS 
Single-Phase 
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Condenser Start 
110 Volts 
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Split Phase 
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Three-Phase 
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CHART I 


ALLOWABLE PERCENT OF VOLTAGE FLUCTUATION 


This chart shows the permissible percent of voltage fluctuation 


for a varying number of fluctuations (or motor starts) per 
unit time. 


Example: A three phase 1s H.P. 220 Volt motor starts 6 times 


per hour. 


Against 6 fluctuations per hour on the curve read 
3.6% allowable voltage fluctuation. 
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CHART III 
TO CONVERT ALLOWABLE PERCENT VOLTAGE FLUCTUATION 


from 
TRANSFORMER RATING BASE TO ACTUAL LOAD BASE 


Use value of V from Chart I. 
Connect V and W. Mark intersection on A. 
Proceed from A tO E. Mark intersection on W. 


Connect W and I. Intersection on Z is allowable percent 
voltage fluctuation under actual load conditions. 


Example: 3 - 3 Kva Kuhlman transformers are used to serve 


the motor in the previous example. The line 

starting current (from the table of starting current) 
is 120 amps. The phase current I is equal to 

1/3 x 120 « ho amps. 


Connect V = 3.6% with W = 3 Kva. Mark intersection on A. 


Proceed from A to E = 220/1.73 = 127 volts, phase to 
neutral. Mark intersection on W. 


Connect W and I = 40 amps. Then Z = 2.0%. 
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CHART IV 


(a). To Determine Percent Voltage Drop in Transformer 


4, 
De 


Use values of Rp and Xp from Chart II. 

Connect Km and Power Factor. Read value of 
intersection on C. 

Connect Xp and Power Factor. Read value of 
intersection on D. 

Percent Voltage drop in transformer: Ln = C 4D. 


Percent Voltage drop in secondary: Zg = 4 - Zp 


(b). To Determine Percent Resistance Drop in Secondary or 


Service Circuit. 
Connect a, and Power Factor 


Intersection on R_ is percent resistance drop in 
Secondary or service circuit. 


(a) From Chart II, for the transformer in the 
previous example, Rp, = 2.464, Xp = 1.60%. 
Starting power factor for the motor, from 
Table of Starting Currents and Power factors, 
is: 0.1%. 


u 


Connect Rm 
on t. 


2.46% and Power Factor. Read 0.3% 


Connect Xp = 1.60 and Power Factor. Read 1.4% on D. 


Zp 1.7%. 


Z 2.0 - 1.7 = 0.34%. 


1.4 40.3 
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(b) 


Connect Zg = 0.3% and Power Factor. Read Rg = 2.4%. 
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CHART V 


TO DETERMINE SECONDARY OR SERVICE CONDUCTOR SIZE 


1. Connect Rg and E. Mark intersection on F, 
2. Proceed from F to I. Mark intersection on Rg. 
3. Connect R, and L. Mark intersection on "r". 


4, Intersection on "r" shows resistance of conductor in 
ohms per 1000 ft. or copper equivalent. 


Example: Length of service L = 100 feet. 


1. Connect R, = 2.4% and E = 127 volts. Mark 
intersection on F, 


2. Proceed from F to I = 40 amps. Mark inter- 
Bection on Ry. 


S» Connect Rg and L = 100 ft. 


4, r = 0.8 ohms/1000 ft. or No. 8 copper equivalent 
can be used, 
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